Abstract Summary: Recurrent dislocation of the patella is more common in girls than in boys. Although several predisposing factors may exist, patellar dislocation is most commonly associated with familial ligamentous laxity. Many surgical repairs have been described to stabilize the patella. We have found the semitendinosus transfer to the patella to result in a predictable, stable patellofemoral joint without risk of injury to the proximal tibial physis. Between January 1990 and December 1997, 29 children have been treated at the Children's Hospital of Eastern Ontario with a semitendinosus transfer for recurrent dislocation of the patella. Seven children were excluded from the study because of insufficient follow-up; consequently this series consisted of 22 children. Four children underwent bilateral repairs, hence 26 knees that have been operated on with this procedure were included in this study. There were three boys and 19 girls, with an average age at surgery of 14 years and 4 months, ranging from 8 years and 11 months to 17 years and 10
months. The average length of follow-up was 3 years and 2 months, ranging between 2 years and 7 years and 4 months. All children had experienced greater than three episodes of recurrent dislocation of the patella. Pain consistent with patellofemoral syndrome or chondromalacia was present in 17 of 26 knees. On clinical examination, 10 knees exhibited marked ligamentous laxity. There were nine positive patellar apprehension tests, and eight patellae were hypermobile. All children were treated with a semitendinosus transfer to the patella with concomitant tightening of the medial retinaculum and a lateral retinacular release. On long-term follow-up, 23 of the 26 knees (88%) were asymptomatic, and the child had returned to regular activities. Each child completed the Lysholm and the subjective component of the Zarins-Rowe questionnaire to determine the subjective results of the repair procedure. Three children complained of patellofemoral symptoms. One child experienced recurrence of the patellar dislocation, and one child developed medical patellar subluxation.
Recurrent dislocation of the patella predominantly affects girls and is often familial. It can result from previous trauma and is often secondary to ligamentous laxity of the medial capsule, contracture of the lateral patellar soft tissues, abnormal iliotibial tract attachment, muscular imbalance, patella alta, hypoplasia of the lateral femoral condyle, and rotatory or angular abnormalities of the lower extremity, as might occur secondary to femoral anteversion, external tibiofibular torsion, or genu valgum. Children with generalized ligamentous laxity, such as Ehlers-Danlos, Marfan, and Down syndromes experience an increased incidence of recurrent dislocation of the patella.
Several methods of treatment for this condition have been reported. Nonoperative treatment, which is usually indicated as the primary treatment modality, consists of an active quadriceps-strengthening exercise program and appropriate use of a patella-stabilizing orthosis and antiinflammatory medication, if required. Numerous surgical-repair procedures have been reported. Surgical options include a release and lengthening of the lateral soft tissues in association with tightening of the medial capsule and proximal realignment of the quadriceps, as described by Green (6) . In cases in which recurrent dislocation of the patella is combined with patella alta and an increased Q angle, Goldthwait (5) described medial and distal transfer of the patellar tendon. In skeletally immature patients, transfer of the tibial tubercle has been associated with adverse outcomes due to premature closure of the anterior aspect of the proximal tibial physis, resulting in recurvatum deformity, distal migration of the tibial tubercle, and traction spurs (8, 9) . In cases of recurrent dislocation of the patella and associated patella alta and ligamentous laxity, semitendinosus tenodesis, as described by Galeazzi (4) , has been advocated. This repair procedure has been recommended for repair of recurrent dislocation of the patella in skeletally immature children because it poses no risk to the proximal tibial physis.
There have been few reports of the efficacy of semitendinosus tenodesis to repair recurrent dislocation of the patella in children in the literature. In a series of 26 procedures, Hall et al. (7) noted good and excellent results in 62% of cases. Baker et al. (1) reported a series of 42 children in which 53 knees were treated with semitendinosus tenodesis in which good to excellent results were observed in 80% of cases. An additional four successful outcomes were reported in two girls with Turner syndrome (11) .
In an attempt to determine the long-term efficacy of the semitendinosus transfer for recurrent dislocation of the patella, all records of children treated at the Children's Hospital of Eastern Ontario (CHEO) with this repair procedure between January 1990 and December 1997 were reviewed. Questionnaires were subsequently mailed to the patients to assess their subjective outcomes. The English medical literature was thoroughly reviewed to compare our results with this procedure with those previously reported in the literature.
MATERIALS AND METHODS
Between January 1, 1990, and December 31, 1997, 29 children were treated at CHEO for recurrent dislocation of the patella with a semitendinosus transfer. Recurrent dislocation of the patella was defined as greater than three episodes of complete patellar dislocation. All pertinent clinical and operative records were retrospectively reviewed. The minimal length of follow-up for inclusion in the study was 2 years; consequently seven children were excluded from this series, four of whom had moved since their last follow-up in clinic. There were three boys and 19 girls. The average age at the time of surgery was 14 years and 4 months, ranging from 8 years and 11 months to 17 years and 10 months. The average length of follow-up was 3 years and 2 months, ranging from 2 years to 7 years and 4 months.
Surgical technique
An incision is made over the posterior, mid/upper thigh at the musculotendinous junction of the semitendinosus muscle. The semitendinosus muscle is identified and dissected from the tendon at the musculotendinous junction proximally for 2-4 cm. The muscle belly is then sutured to the semimembranosus muscle. An oblique incision is made over the pes anserinus, and the distal portion of the semitendinosus tendon is identified and followed to its insertion. If the tendon has a double insertion on the tibia, the smaller insertion is severed. The proximal stump of the tendon is delivered into the distal wound. A slightly curved "smiling" incision is made over the patella beginning medially and extending laterally. The patellar retinaculum is divided vertically, and medial and lateral retinacular flaps contiguous with the capsule are developed. The lateral joint capsule is released, as well as the attachments to the superolateral aspect of the patella. The semitendinosus tendon is directed underneath the pes anserinus and passed into the patellar wound. By using a hand drill, a hole is drilled obliquely across the patella beginning at the medial/distal portion of the patella and proceeding to the proximal/lateral aspect of the patella. The semitendinosus tendon is directed through the patellar tunnel, the patella is translated medially and distally, and the semitendinosus tendon is sutured to the patella or its soft tissues and the quadriceps tendon. The medial patellar retinaculum is closed in a double-breasted fashion, tightening the lateral retinaculum considerably ( Fig. 1 ).
FIG. 1. (clockwise from top left).
A drill hole is made obliquely inferomedial to superolateral through the patella with a ¼-inch drill. The semitendinosus tendon is passed through the drill hole. The tendon is sutured to the periosteum of the patella and quadriceps tendon. The patellar flaps are double-breasted and sutured.
Postoperatively, the knee is immobilized in a well-padded cylinder cast for 3 weeks, and then changed to a light fiberglass cast for a further 3 weeks. The patient is permitted to ambulate with crutches in a three-point partial weight-bearing gait. Quadriceps-strengthening exercises are initiated 2 weeks postoperatively. The cast is removed 6 weeks postoperatively, and physiotherapy is begun to increase active range of motion of the knee and to strengthen the quadriceps femoris, hamstrings, and triceps surae. Sports activities are restricted until muscle strength and range of motion are normal, usually within 4-6 months.
Each child was followed up in our clinic for >=2 years postoperatively. A questionnaire was completed by each child in this study to determine the subjective outcome of the repair procedure. The first part of the questionnaire consisted of the Lysholm subjective questionnaire (12) to assess knee function and outcome, with a maximum score of 100. The second section of the questionnaire, with a total possible score of 50, comprised the subjective component of the Zarins-Rowe questionnaire (13) . The third component of the questionnaire, with a maximum score of 60, consisted of three independent questions designed to assess recurrence of dislocation, recurrence of subluxation, and return to activities (Table 1) . In each question, higher scores represented a higher functional level or capacity, and a better result. A Spearman correlation coefficient was calculated at [alpha] = 0.01 between the scores of the Lysholm and the Zarins-Rowe components of the questionnaire.
TABLE 1.Independent questions to assess long-term outcome
As no previous reports in the literature described criteria for evaluation of results by using the Lysholm and Zarins-Rowe questionnaires, it was necessary to develop such a protocol. The criteria for classification of results were developed by analyzing the questionnaire components deemed to be most indicative of long-term outcome. These components included instability, pain, return to activities, and recurrence of dislocation. The maximum cumulative score on the complete questionnaire was 210 points. An excellent result was indicated by a score >180 points, no instability, no pain, return to all activities, and no recurrence of dislocation. Good results were indicated by a score between 101 and 180, with the child reporting infrequent instability, pain secondary to exertion, return to most activities, and rare episodes of subluxation but no complete dislocation. Poor results comprised a score <101 points, with complaints of frequent instability, marked pain, limited return to activities, and episodes of recurrence of patellar dislocation.
RESULTS

In this series
A semitendinosus transfer to the patella with concomitant lateral retinacular release and capsular tightening was performed on 26 knees. Only two postoperative complications developed within 6 months. One child developed scar hypertrophy, and one child developed a neuroma involving the infrapatellar branch of the saphenous nerve. Both complications were successfully treated surgically.
On long-term clinical follow-up, 23 (88%) of the 26 knees were asymptomatic, and the child had returned to regular activities. At most recent follow-up in our clinic, each of the 26 knees exhibited a full range of motion. Patellofemoral pain and chondromalacic symptoms were exhibited in three (12%) of the 26 knees. One child experienced a recurrence and was treated with a tightening of the semitendinosus transfer. One child developed medial patellar subluxation. A subsequent lengthening of the semitendinosus transfer relieved the child of symptoms, and the child has since returned to most activities. One child complained of occasional recurrence of lateral dislocation and underwent a modification of the semitendinosus tendon insertion into the patella.
Each child was asked to fill out a questionnaire in an attempt to determine the long-term results of the semitendinosus transfer. Of the seven children who were excluded from this study on the basis of insufficient follow-up, four had moved and their current address was unknown, and the remaining three were lost to follow-up. Each of these seven children was doing well at the time of the last follow-up. The average follow-up of these seven children was 7 months, ranging from 2 to 15 months.
The average score on the Lysholm (12) subjective questionnaire was 68, ranging from 35 to 93 (Table 2 ). The average score of the subjective component of the Zarins-Rowe questionnaire (13) was 33, ranging from 10 to 48 (Table 3 ). The average score on the three independent questions of the questionnaire was 50, ranging from 15 to 60. The average score for recurrence of subluxation was 20 of a possible 25 points, ranging from 5 to 25 points. The range of scores for recurrence of dislocation was 10-25 points, with an average of 20.9 of a possible 25 points. The average scores for return to all activities was 7.0 of a possible 10 points, ranging between zero and 10. The Spearman correlation coefficient between the results of the Lysholm and Zarins-Rowe questionnaires was 0.744, indicating a significant correlation at [alpha] = 0.01 between the results of these two subjective questionnaires. By using the criteria established for classification of results of this questionnaire, six (27%) of 22 children had an excellent outcome, 12 (55%) of 22 children had a good result, and four (18%) of 22 children had a poor result. Two of the children with poor outcomes complained of recurrence of dislocation and were reoperated on, one with a tightening of the semitendinosus transfer and one with a lengthening of the semitendinosus transfer. Of the four children who underwent staged bilateral procedures, two had good results, and two had a poor outcome.
DISCUSSION
In children with recurrent dislocation of the patella, several reparative surgical procedures have been described. The most predominant include release of the lateral soft tissues (6) , medial and distal transfer of the proximal tibial tubercle (5) , and semitendinosus tenodesis (4) . Transfer of the tibial tubercle as described by Goldthwait (5) has been contraindicated in children because of the potential for premature closure of the anterior aspect of the proximal tibial physis, distal migration of the tibial tubercle, and traction spurs (8, 9) . For this reason, Galeazzi (4) first recommended the semitendinosus tendon transfer for repair of recurrent dislocation of the patella.
There has been infrequent discussion of the results of semitendinosus tenodesis for repair of recurrent dislocation of the patella in the literature; however, existing studies reported good results (Table 4) . Hall et al. (7) reported the outcome of 26 procedures with an excellent or good outcome in 62% of cases. In 19 of the 26 procedures, however, transfer of the proximal tibial tubercle was performed. Baker et al. (1) reported the performance of the semitendinosus tenodesis in 53 cases with excellent or good results in 80% of cases; however there was a 5% recurrence rate. Both studies used similar criteria for the evaluation of results, in which excellent outcomes were characterized by the absence of pain, stiffness, and tenderness, full range of motion, and no functional disability, whereas good results were demonstrated by minimal occurrence of these symptoms (1, 7) . In both studies, poor results occurred because of persistent pain secondary to chondromalacia (1, 7) , and in one case, the presence of a loose body in the knee (1) . Additional good results with this procedure have been reported by Marziani (10) , Fiume (3) , and Dewar and Hall (2) . In this study, 23 (88%) of 26 knees were asymptomatic on long-term follow-up, and most children had returned to regular activities, indicating excellent results according to the criteria established by Baker et al. (1) and Hall et al. (7) . Three knees (12%), however, did exhibit some patellofemoral pain or chondromalacic symptoms. The results of the questionnaire indicated that additional children subjectively reported presence of symptoms, in contrast to the clinical findings. This was likely due to inconsistencies in the completion of the questionnaire.
TABLE 4.Results of semitendinosus tenodesis for recurrent dislocation of the patella in the literature
Complications reported with the semitendinosus tenodesis have included persistent pain due to chondromalacia (1) , sepsis (1) , restricted range of motion due to a decrease in flexion (1) , transient saphenous nerve sensory deficit (1) , and woundhealing complications, such as infection, suture granuloma, and subcutaneous hematoma (7) . There were only two minor postoperative complications in this study. One child developed scar hypertrophy, and one developed a neuroma of the infrapatellar branch of the saphenous nerve. Both complications resolved with appropriate surgical intervention.
Two children experienced recurrence, representing a recurrence rate of 8%. One was treated with tightening of the semitendinosus transfer. The other child developed medial patellar subluxation, which was treated by lengthening of the semitendinosus transfer, which was successful in eliminating medial subluxation. On long-term follow-up, 1 year after the lengthening procedure, the child was asymptomatic and had returned to all activities. Medial patellar subluxation in this child may have been the result of suturing the semitendinosus tendon to the patella under excessive tension. This emphasizes the importance of ensuring appropriate tension on the tendon, before suturing the tendon to the patella, by examination of the range of motion of the knee before closing the incisions.
Mizuta et al. (11) reported the cases of two girls, aged 11 and 10 years, with Turner's syndrome, who had bilateral recurrent dislocation of the patella. Semitendinosus tenodesis was performed bilaterally in both girls, and in each case the results were good, as there were no complications, no postoperative symptoms, and both girls experienced full range of motion postoperatively.
Prognostic factors implicated in adverse outcomes have included ligamentous laxity (7) and history of symptoms for >2 years, causing degenerative changes (1, 7) . In this study, 10 of 26 knees displayed ligamentous laxity, and the average length of preoperative symptoms in this series was 2 years and 4 months; however results did not appear to be compromised by either factor, as 23 of 26 knees were asymptomatic, and the child had returned to regular activities on long-term follow-up. Of the seven children with a history of symptoms >2 years, only one child's result was compromised. This child, who reported a history of symptoms for 3 years, developed medial patellar subluxation, which was successfully treated with a lengthening of the semitendinosus transfer, and the cause was a technical error in overtightening the semitendinosus transfer.
Questionnaires were mailed to each child. The average score of the Lysholm (12) subjective questionnaire was 68 of a possible 100 points, whereas the average score of the subjective component of the Zarins-Rowe (13) questionnaire was 33 of a possible 50 points. The Spearman correlation coefficient between the results of the two subjective questionnaires was 0.744, indicating a significant correlation between the results of the two questionnaires.
Seven children were excluded from this study, as they were not followed up for a sufficient period. Examination of the clinical notes in follow-up of these seven children indicated that they were doing well with no evidence of patellar instability. Four of these seven children had returned to regular activities, and three were asymptomatic at the time of their most recent follow-up. The remaining three children were lost to follow-up within 3 months postoperatively, and their longterm results are unknown. The failure of these children to return to clinic for follow-up represents more a lack of compliance than a lack of efficacy of the repair procedure, as there was no documentation of complications or poor results. Because it is mandated that all children in the area receive pediatric operative care at our center, any reoperation would have been identified.
It was necessary to develop a criterion for evaluation of questionnaire results because no previous studies in the literature reported such a protocol. This was accomplished by analysis of the components of the questionnaire deemed to correlate most with outcome. Use of this criterion resulted in the classification of 18 (82%) of 22 children as good to excellent results. Only four (18%) children were classified as poor results. These results indicated that the semitendinosus transfer was an effective repair procedure with a high rate of good clinical and subjective outcomes. The results of the questionnaire used in this study, although indicative of a high rate of good results, should be interpreted with caution, as there is the potential for inconsistencies and lack of reliability in the completion of any questionnaire.
Of the four children who had bilateral procedures, two were evaluated as good to excellent outcomes and two as poor outcomes. These results indicate a higher proportion of good to excellent long-term results associated with unilateral semitendinosus transfer for recurrent dislocation of the patella. The cause of this discrepancy is unclear; however, it is likely the result of difficulty in effectively rehabilitating both knees if the procedures are performed within too short a period. The frequency of good to excellent long-term results of this study is greater than the 62% reported by Hall et al. (7) and is similar to the results reported by Baker et al. (1) (Table 4) .
CONCLUSION
The semitendinosus transfer to the patella is a safe and effective repair for recurrent dislocation of the patella in skeletally immature children. There is no risk of growth disturbances secondary to iatrogenic injury to the proximal tibial physis. If staged, bilateral procedures are planned, sufficient time should be provided for complete recovery of the first knee before repair of the contralateral knee. Long-term follow-up of the results of this procedure are good, as the vast majority of children are asymptomatic and return to regular activities. The recurrence rate requiring reoperation was 8%. Results may, however, be compromised by persistent patellofemoral pain or chondromalacia in a small percentage of children.
